SYNOPSIS The method of latex particle precipitation has been applied to the detection of circulating antibody to a crude extract of thyroid. The sensitivity of the method is intermediate between that of the agar diffusion and the tanned cell haemagglutination techniques. If only the grosser degrees of latex precipitation are taken as being significant, the method would appear to be of equal value as the agar diffusion test in the diagnosis of lymphadenoid goitre.
The use of inert particles such as latex, bentonite, and collodion has provided an additional simple method for detecting circulating antibody. The particles are coated with the appropriate antigen and the presence of the corresponding antibody is indicated by agglutination or precipitation of the particles.
Polystyrene latex particles have been used in this way by Singer and Plotz (1956, 1958) and Olsen and Rantz (1958) for the detection of rheumatoid factor and more recently by Christian, MendezBryan, and Larson (1958) and Fessel (1959) for the detection of LE factor, and by Kelen and Labzoffsky (1960) for the detection of antibodies to Leptospira. The purpose of this paper is to evaluate the usefulness of antigen-coated latex particles in the detection of thyroid antibodies and to compare this method with the established procedures of tanned cell haemagglutination and agar gel diffusion. GLYCINE BUFFER Glycine in 1% NaCl 0-1 M, was adjusted to pH 8-2 with a solution containing 2-5 ml.
N/l NaOH/litre and with 10% citric acid. This pH was found to give optimal precipitation of the antigen-coated latex particles.
LATEX TEST After preliminary studies using dilutions of antigen (thyroid extract) up to 1:1,000 it was found necessary to use dilutions of 1 in 5, 1 in 10, and 1 in 25. Maximal precipitation for a given serum was found to take place with any one of these three dilutions in an unpredictable manner. Dilutions of antigen higher than 1 in 25 in no case enhanced the degree of precipitation.
The antibody in the form of test serum was used in an undiluted state, since dilution of the serum did not increase the degree of precipitation. The sera had been stored at -20°C. for two to three years and had been inactivated for previous diagnostic tests. Further heating was not carried out. Dilutions of the latex suspension of I in 10 and 1 in 20 were made in the glycine buffer. The 1 in 10 latex dilution was used to prepare the stock suspension of antigencoated latex particles by mixing with an equal volume of each of the three antigen dilutions. The mixtures were then shaken and left on the bench for 30 minutes to allow adsorption of the antigen to take place. With the addition of merthiolate to 1 in 10,000 these mixtures were stable at 40C. for at least one month. Two drops of the antigenlatex suspension at each dilution of the antigen were then transferred to 3 in. x i in. tubes and two drops of undiluted serum were added to each. After shaking, the mixture was drawn up into capillary tubes which were placed in plasticine racks. The 1 in 20 dilution of uncoated latex suspension was used to set up a control test for each test serum.
The capillary tubes were kept on the bench and examined after three, 24, and 48 hours for precipitation. No further precipitation occurred after 48 hours. Incubating at fixed temperatures in the range of 4°to 56°C. was not found to enhance the degree of precipitation. The degrees of precipitation were designated by the digits 0, 1, 2, 3, and 4, according to the length of the fragmented column of precipitated particles, 0 signifying no precipitation and 4 maximal precipitation, with 1, 2, and 3 intermediate degrees respectively (Fig. 1) . The degree of precipitation was apparent in the majority of cases overnight but was finally read at 48 hours. The strongest degree of precipitation observed in any of the three tubes was taken as the final reading.
GEL DIFFUSION TEST The agar double diffusion technique (Oudin, 1948) was used as modified by Oakley and Fulthorpe (1953) .
TANNED RED CELL TEST The test using thyroglobulincoated sheep red cells was that used by Roitt and Doniach (1958) after Rose and Witebsky (1956) . Purified thyroglobulin prepared after the method of Derrien, Michel, and Roche (1948) was used.
CLINICAL MATERIAL
The sera were selected from specimens which had been kept after examination for thyroid antibodies for diagnostic purposes (Irvine, 1960a) . No attempt is made in the present study to determine the incidence of positive immunological tests in unselected thyroid patients. Each serum was given a number and all tests were carried out in ignorance of the diagnosis and the results of other tests. The following sera were used:
Fifty-three sera from 32 histologically proven cases of lymphadenoid goitre, 21 of which were obtained from 10 patients who, at the time, had had no surgical interference or only biopsy, and the remaining 32 sera were obtained from 22 patients who had had a partial or hemithyroidectomy, anything from a few days to 10 years previously. Fifty-eight sera were from 51 cases of lymphadenoid goitre diagnosed clinically without histological proof.
Twenty-two sera were obtained from 17 cases of spontaneous adult hypothyroidism.
Thirty-six sera were from 31 patients with simple goitre, 20 of whom had subsequent histological proof.
Twenty sera were from 16 cases of carcinoma of the thyroid, all histologically proven but sera obtained either before or after treatment.
Twenty-nine sera were from 22 cases of thyrotoxicosis. Two sera were from two cretinous children. Four sera were from four patients with subacute (de Quervain's) thyroiditis. In two cases histology was available.
FIG. 1. The five capillary tubes illustrated are selected from tests described in the text using various negative and positive sera at the different antigen dilutions. Reading from left to right the tubes have been arranged to show degrees of precipitation graded as 0, 1, 2, 3, and 4. The degree ofprecipitation is assessed according to the length ofthefractionatedcolumn ofprecipitated particles. To the naked eye the consistency ofthe latex is that ofa suspension in tube 0 and is clearly floccular in tube 4, although this is difficult to illustrate in a photograph.
Fifty-one sera were from 51 cases of rheumatoid arthritis. All these sera had strongly positive Rose-Waaler tests.
Six sera were from six cases of systemic lupus erythematosus (S.L.E.).
Seventy sera were from 70 healthy antenatal patients (normal controls). Table I shows the distribution of 0, 1, 2, 3, and 4 reactions in the latex capillary test. It will be seen that while none of the 70 normal sera precipitated the coated particles some degree of precipitation was caused by a proportion of the sera from each of latex precipitation. This table also compares the the other groups studied. It is also apparent that the latex and agar diffusion tests with the tanned cell highest proportion of sera giving three and four haemagglutination test using thyroglobulin-coated reactions occur in the lymphadenoid goitre group sheep red cells. It will be seen that the positive agar while lesser degrees of precipitation (0-2) are en-diffusion test and the 3 + 4 latex reactions are discountered in other types of thyroid diseases. tributed towards the higher end of the tanned cell Table II shows the number of sera in each group haemagglutination titre scale. The tanned cell haemof patients that gave a positive agar diffusion test for agglutination titres are widely distributed in thyroid thyroglobulin antibody. They correspond closely disease, and it is of interest that three cases of with the number of sera giving three and four latex carcinoma of the thyroid gave a high titre and yet reactions. Five sera gave a 3 to 4 latex reaction, but both the agar diffusion and the latex capillary tests a negative agar diffusion test, while two sera gave a were negative. It is also of interest that two sera from positive agar diffusion test but did not give 3 or 4 one patient with histological proof and two sera from A small proportion of sera from patients with rheumatoid arthritis and S.L.E. precipitated thyroglobulin-coated latex particles (1, 2, and 3 reactions), but such sera can be distinguished by the fact that they will also cause precipitation of the uncoated latex control particles or of latex particles coated with human liver antigen. Such non-specific precipitation did not occur with any of the 232 thyroid sera in spite of the fact that the incidence of rheumatoid arthritis and of lupus erythematosus antinuclear factor is known to be raised in lymphadenoid goitre (Buchanan, Crooks, Alexander, Koutras, Wayne, and Gray, 1961; Weir, Holborow, and Johnson, 1961) . These results, together with the absence of any degree of precipitation by the 70 normal sera, indicate the specificity of the test for thyroid antibodies.
RESULTS
The main clinical interest attached to the detection of thyroid antibodies is in the diagnosis of lymphadenoid goitre. The results in this disease are shown in Table III , where the patients are divided into two series. First, a small series of 10 patients from whom sera were obtained before thyroidectomy and, secondly, a larger series of 22 patients in whom serological tests were carried out at various intervals after surgery. It is again seen that there is a close parallel between the agar diffusion test and the latex method.
DISCUSSION AND CONCLUSIONS
A method of using latex particles for the detection of thyroglobulin antibody is described which is both extremely cheap and easy to perform. (Trotter, Belyavin, and Waddams, 1957) (Trotter et al., 1957) or cytotoxicity (Irvine, 1960b (Irvine, , 1961a (Irvine, , 1961b 
